Introduction
In vegetarians, better plasma lipid and lipoprotein profiles have been implicated in lower rates of cardiovascular disease. [1] [2] [3] [4] However, the cardiovascular effects of a vegetarian diet are not well studied. Studies have demonstrated that vegetarians have lower levels of low-density and high-density lipoprotein cholesterol. 3, 4 Lin et al report that ovolactovegetarians have better endothelial function. 5 However, vegetarians are observed to have vitamin B12 deficiency and elevated plasma homocysteine levels, 3, 6, 7 which may attenuate the beneficial cardiovascular effects of vegetarian diets. 3 A previous study has reported that there was no significant difference in carotid atherosclerosis between apparently healthy postmenopausal vegetarians and omnivores. 3 Three major epidemiologic studies conducted in the United Kingdom all show no significant reduction in cardiovascular mortality in vegetarians compared with 
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Su et al omnivores with similar lifestyles. 8 Contrary to traditional belief, Kwok et al report that vegetarians may have abnormal arterial endothelial function and accelerated atherosclerosis compared with omnivores. 9 Deterioration of elastic arterial structures and development of arterial stiffness is one of the possible underlying mechanisms. Thus, investigating the vascular characteristics of vegetarians in terms of arterial stiffness functions may help clarify the paradox of vegetarianism.
Arterial elasticity is considered to be a new cardiovascular risk factor 10 and is documented to correlate highly with pathologic changes in the common carotid artery. 11 Arterial elasticity is a general term that encompasses a variety of vascular properties, including distensibility, compliance, and elastic modulus. It is a result of natural aging and can be produced by many disease states, including diabetes, atherosclerosis, and chronic renal disease. In nondiabetic subjects, increased arterial stiffness has been implicated as an important risk factor for cardiovascular disease. 12, 13 This study aimed to compare plasma vitamin B12 and homocysteine levels as risk factors for cardiovascular disease, as well as measurements of carotid arterial beta stiffness indices and brachial arterial function variables between healthy postmenopausal vegetarians and matched omnivores.
Materials and methods Subjects
Vegetarians were defined as subjects who were on diets that excluded meat, fish, and poultry for at least 5 years. Menopausal status was obtained from self-assessment questionnaire and only women who had undergone menopause at least 1 year previously were included.
Women with the following conditions were excluded: history of diabetes mellitus or fasting blood sugar $126 mg/dL; significant hyperlipidemia possibly attributable to genetic variance, defined as serum cholesterol level $ 260 mg/dL or triglyceride levels $ 250 mg/dL; lifestyle of regular alcohol drinking or tobacco use; history of cardiovascular disease; hypertension; serum creatinine level $ 125 µmol/L; and malignancy. Subjects taking vitamin B12 pills were also excluded. 3 A total of 49 postmenopausal vegetarians and 41 agematched and gender-matched omnivores recruited from volunteers for public service at the Buddhist Compassion Relief Tzu Chi Foundation in Taipei during 1999-2000, were included in this study. 3 None of them had received hormonal replacement therapy in the previous 3 years. Written informed consent was obtained from each participant and the study was approved by the ethics committee of the institutional review board at National Taiwan University Hospital.
clinical and biochemical assays
Blood samples were drawn from the antecubital vein while the patients were in a seated position after overnight fasting for 10-14 hours. Samples were stored at 4°C and assayed for lipid profiles, including total cholesterol, high-density lipoprotein cholesterol, and triglycerides within 24 hours in the central laboratory of the National Taiwan University Hospital. Total cholesterol and triglyceride levels were measured by enzymatic methods using an automatic multichannel chemical analyzer (Hitachi 7450, Hitachi Corporation, Tokyo, Japan), while high-density lipoprotein cholesterol was determined by measuring cholesterol in the supernatant after precipitating very low-density lipoprotein cholesterol and low-density lipoprotein cholesterol with Mg 2+ /phosphotungstate reagent. The low-density lipoprotein cholesterol level was calculated by Friedewald's formula.
For vitamin B12, folate, vitamin B6, homocysteine, lipoprotein (a), and high-sensitivity C-reactive protein measurements, blood samples were centrifuged at 3000 rpm for 15 minutes within 60 minutes of collection and stored at −70°C until analysis. Plasma levels of vitamin B12 and folate were measured by microparticle enzyme immunoassay technology using AxSYM ® B12 and folate kits (Abbott Laboratories, Abbott Park, IL). Plasma vitamin B6 concentration was determined by high-pressure liquid chromatography and fluorometric detection (Hitachi, Tokyo, Japan), while plasma homocysteine was determined by competitive immunoassay with an Immulite ® homocysteine kit (Diagnostic Products Corporation, Los Angeles, CA). A rate nephelometry method (Beckman Array ® Systems, Indianapolis, IN) and two-site chemiluminescent enzyme immunometric assay (Immulite ® C-reactive protein kit, Diagnostic Products Corporation) were used to determine lipoprotein (a) and serum high-sensitivity C-reactive protein, respectively.
Measurements of carotid arterial elasticity
The carotid artery luminal diameter at the common carotid artery and at 2 cm proximal to the common carotid artery bifurcation were measured in both the systolic and diastolic phases of the cardiac cycle using a high-resolution B-mode ultrasonographic system (Hewlett Packard SONO 4500 ultrasound system, Andover, MA) equipped with a 3-11 mHz real-time B-mode scanner and a 3.6 mHz pulsed-Doppler mode scanner. An experienced neurologist performed carotid
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Arterial function in postmenopausal vegetarians ultrasonography, with the patient in a supine position and the neck extended in slight lateral rotation. All of the scans were recorded by a digital recording system for subsequent offline analysis.
In this study, the measurement protocol for carotid artery ultrasonography followed that of Gamble et al. 14 In brief, the digitized M-mode ultrasonographic records were analyzed offline using a computer program in which the images were recalled and magnified. For each image, measurements were performed during one cardiac cycle, which was divided into 10 equal sections. The distance between the lumen-intima interfaces of the near and far walls of the carotid artery were measured by a computer-generated grid. 15 Thus, the maximal (Ds) and the minimal carotid diameter (Dd) were obtained.
The elastic properties of the carotid artery wall, in terms of carotid beta stiffness index, was calculated from the carotid artery diameter and blood pressure of the brachial artery as follows: β = ln (Ps/Pd) Dd/(Ds−Dd). The Ps and Pd were the systolic and diastolic blood pressures of the brachial artery, respectively, Ds and Dd were the systolic and diastolic inner diameters of the carotid artery, respectively, and β was the carotid beta stiffness index. 14 
Brachial artery compliance and distensibility
The arterial pressure waveform was recorded using a cuff sphygmomanometer with an oscillometric blood pressure device (DynaPulse 2000A, Pulse Metric Inc, San Diego, CA). [16] [17] [18] [19] Data was transferred online from the data collection site to a central analysis center. Blood pressure was determined by pressure waveform changes according to Bernoulli flow effects. Vascular compliance and peripheral resistance of the brachial artery were derived by incorporating the arterial pressure signals from a standard cuff sphygmomanometer using a physical model. This method was previously validated against invasive 16 and noninvasive measurements. 17 Brachial artery compliance (BAC) was calculated at mean arterial pressure by theoretical design. 18 Brachial artery distensibility (BAD) and resistance (BAR) were derived from the modified formula of BAC, which was associated with cardiovascular risk factors in healthy young adults in the Bogalusa Heart Study.
18,19
Statistical analysis
Baseline characteristics and all measurements were compared between vegetarians and omnivores by t-test and analysis of variance. Continuous variables were expressed as the mean ± standard deviation. Lipoprotein (a) concentration was not in normal distribution and was analyzed using the Wilcoxon-Mann-Whitney test. For categorical data, the Chi-square test was used to test the significance level between different groups. Determinants of the carotid beta stiffness index and the distensibility coefficient were estimated by univariate and multivariate linear regression analyses after adjustment for associated covariates. Because of the issue of collinearity with age, "years after menopause" was not included as an item in the multivariate model. Measurements of arterial function obtained by pulse dynamic methods were compared between vegetarians and omnivores before and after adjusting for covariates.
Results
The cardiovascular characteristics of the 49 vegetarians are shown on Table 1 . Their mean duration of adoption of a vegetarian diet was 10.2 ± 6.7 years. Most adopted a vegan type of vegetarian diet (consuming no eggs or milk) and only six were ovolactovegetarians. The age of menopause was 2.1 years earlier in the vegetarians and time after menopause was 3.3 years longer than the omnivores. Body mass index was the same for the two groups.
Vegetarians had significantly lower fasting serum glucose, total cholesterol, and low-density lipoprotein levels. Highdensity lipoprotein concentration was significantly lower in vegetarians than in omnivores. The plasma vitamin B12 concentration was lower and homocysteine was higher in vegetarians. There was a trend of lower lipoprotein (a) level in vegetarians, but this did not reach statistical significance.
As shown in Table 2 , arterial elasticity, as expressed by the carotid beta stiffness index and BAD, was not significantly different between the two groups. After adjusting the associated risk factors, including age, levels of low-density lipoprotein, fasting glucose, lipoprotein (a), and pulse pressure, there were still no significant differences between the two groups. However, BAR was significantly lower in vegetarians than in omnivores, even after adjusting for the associated risk factors.
In Table 3 , arterial elasticity as measured by the elastic property of the carotid arterial wall beta stiffness index, showed that age, duration of menopause, systolic blood pressure, and pulse pressure were significant determinants of carotid stiffness. Significant determinants of BAD included fasting glucose, age, systolic blood pressure, and pulse pressure (Table 3) . In multivariate analysis, age and pulse pressure were the major determinants for carotid beta stiffness index, while age, pulse pressure, and fasting blood glucose the major determinants of BAD ( 
Discussion
Vegetarianism is not only a public health concern but is also a model of interaction between environmental factors and health. Despite the well recognized reduction in low-density lipoprotein and blood sugar, there is no difference in BAD and carotid stiffness and only a moderate decrease in BAR in apparently healthy postmenopausal vegetarians compared with matched omnivores. The better plasma lipid profiles of vegetarians implies a lower cardiovascular risk. Among the study subjects, age at menopause was younger and duration since menopause was longer for the vegetarians, which may contribute to changes in arterial function. In addition, lower high-density lipoprotein and elevated homocysteine may also attenuate the beneficial cardiovascular effects of lower low-density lipoprotein levels in vegetarians. Nevertheless, this study provides evidence of higher arterial elasticity in terms of decreased BAR in vegetarians.
The negative findings of this study should not be considered as evidence of neutral cardiovascular effects of vegetarianism, but do indicate an urgent need for modification of vegan diets through vitamin B12 fortification or supplements. Although recommendations for vitamin B12 are very small (recommended daily allowance 2.4 µg daily for adults), vitamin B12 deficiency is a very serious problem leading ultimately to anemia, neuropsychiatric disorders, irreversible nerve damage, 20 and relative hyperhomocysteinemia. 5, 8, 9, 20 Prudent vegans should include sources of vitamin B12 in their diets. Plasma homocysteine has emerged as a risk factor for cardiovascular disease, 21 and even mildly elevated homocysteine can cause an exacerbation of neointima formation in rat carotid arteries after endothelial injury. 22 Mild hyperhomocysteinemia is also associated with metalloproteinase-related elastolysis and subsequent structural deterioration in the minipig arteries, which may be one of the major events underlying the epidemiological association between mild hyperhomocysteinemia and arterial disease. 23 A methioninerich diet induces hyperhomocysteinemia with associated diffuse arterial lesions, smooth muscle cell hyperplasia, endothelial alterations, and elastic lamina dislocation. 24 This study, as well as previous studies, 3, 6, 7 demonstrates that vegetarians have lower vitamin B12 and elevated plasma homocysteine, which may attenuate the favorable lipid effects of vegetarian diets on arterial stiffness. Hence, the mild hyperhomocysteinemia in vegetarians may partly be the reason for similar, and not better, arterial compliance than in omnivores. However, this study shows a significant decrease in BAR in vegetarians, indicating a potential beneficial effect of vegetarianism. One study has reported that BAR is a significant risk factor for coronary artery calcification measured by electron beam tomography in women, 25 This may support the potential beneficial effect of vegetarianism in this study.
Vegetarians in Taiwan take many soybean products. 6 Soybean is known to be rich in phytoestrogens, which have been associated with favorable metabolic effects on the cardiovascular system in postmenopausal women. 26 A higher phytoestrogen intake is also associated with lower arterial stiffness in postmenopausal women. 27 Consistent with a previous Australian study, 28 our study shows a trend of lower lipoprotein (a) levels in vegetarians. It also shows that high-sensitivity C-reactive protein is not different between vegetarians and omnivores, and reveals no association between high-sensitivity C-reactive protein and arterial elasticity.
submit your manuscript | www.dovepress.com
Dovepress
522
Su et al
Serum glucose is lower for vegetarians, as previously demonstrated in these study subjects. 3 It has been reported that vegetarians have higher insulin sensitivity than omnivores. 29 Aside from age and pulse pressure, this study also highlights blood glucose as being a significant determinant of BAD. The finding of higher fasting glucose associated with decreased arterial elasticity has been previously reported. 30, 31 Thus, the favorable aspects of lower levels of blood cholesterol and glucose, and a trend of lower lipoprotein (a) levels in vegetarians, deserve more attention.
In this study, pulse pressure was a major determinant of arterial elasticity, which is compatible with our previous population-based study in which pulse pressure was associated with carotid atherosclerosis, independent of hypertension status. 32 Diabetes mellitus is also notably an important determinant of pulse pressure. 32 Our previous study in nondiabetic middle-aged subjects demonstrated that postchallenge hyperglycemia and systolic blood pressure are two major determinants of aortic stiffness. 33 Thus, increased pulse pressure and hyperglycemia have significant adverse effects on both arterial elasticity and atherosclerosis.
Recently, several noninvasive tools have been developed for evaluating early vascular changes and for application in clinical practice. Noninvasive pulse wave analysis has been applied to estimate arterial stiffness and the association with vascular diseases. 15, 34 Arterial elasticity, in terms of vascular distensibility and compliance, can be measured by waveform analysis of arterial pressure signals using a standard cuff sphygmomanometer at the brachial artery. [16] [17] [18] [19] In the present study, carotid beta stiffness index and BAD were applied as arterial elasticity indices that might be more sensitive than carotid atherosclerosis for the study of early vascular changes in these relatively healthy subjects. Surprisingly, the results show no difference in arterial elasticity indices between vegetarians and omnivores.
By multivariate linear regression analysis, pulse pressure is also a major determinant for carotid beta stiffness index and BAD. Age and years after menopause also positively correlate with carotid beta stiffness index. Early vascular changes, such as reduction in arterial compliance and distensibility, can be detected before clinical manifestation of systolic blood pressure elevation, pulse pressure widening, and left ventricular hypertrophy, 34 which are processes of coronary heart disease and hypertensive heart disease. 35 There are some limitations to this study. There is a possibility that the sample size is not sufficient to rule out a type 2 error and that there may be a real difference between the groups but the sample size was too small to identify it. Second, the cross-sectional design cannot infer a causal relationship. Third, the relatively young ages of the study subjects may have limited the development of atherosclerosis. It is possible that with a longer follow-up period, more arterial changes may have been detected. Nonetheless, this study incorporated two kinds of arterial elasticity indices, i.e. carotid beta stiffness index and brachial arterial function of BAD, to demonstrate the null hypothesis of cardiovascular effects of vegetarianism, which may underscore the importance of micronutrients in the health of such a specific population.
Conclusion
There is no significant difference in carotid beta stiffness index and brachial arterial elasticity in terms of BAC and BAD between apparently healthy postmenopausal vegetarians and omnivores. However, BAR is significantly lower in vegetarians. Postmenopausal vegetarian women have lower plasma vitamin B12 but higher homocysteine levels, and earlier menopause, which may attenuate the beneficial effects of a vegetarian diet on cardiovascular health. The beneficial effects of vegetarian diets on lipids and blood glucose need to be advocated, and efforts to correct vitamin B12 deficiency in vegetarian diets can never be overestimated.
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